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In view of the  differences between B.  abortus of bovine origin  and 
two  human  strains  resembling  B. melitensis  described  by T. Smith,  ~ 
it seemed desirable  to examine the serological relations of the strains 
compared  by him  with  especial  reference  to  agglutination. 
According  to  Evans'  first paper,  2 a  B.  abortus antiserum  agglutinated  both 
types of cultures alike, but a melitensis antiserum agglutinated B. melitensis to a 
higher titer than B. abortus.  In absorption experiments there was little differ- 
ence  in  the  reactions  with  the  abortus antiserum.  The  melitensis  antiserum 
treated with B. melitensis lost all agglutinins for both cultures, but absorption with 
B. abortus removed only agglutinins for itself and left agglutinins for B. melitensis 
still present to a considerable  degree. 
Feusier and Meyer  ~ made a  serological  study of fourteen strains.  A series of 
agglutinin  absorption  tests  resulted  in  the  separation  of  the  strains  into  four 
groups. 
In  1923 Evan#  reported  on  the  serological  classification  of 49  strains  from 
human,  bovine,  caprine,  porcine,  and  equine  sources,  obtained  from different 
parts of the world.  These included  strains from Groups 1, 2, and 3 of Meyer and 
Fcusier.  Altogether  seven  groups  were  created,  three  main  groups  and  four 
smaller  subgroups.  More  recently  Evans  s  described  eight  serological  groups. 
The only known method by which B.  abortus and B. melitensis  strains can be 
differentiated, according to Evans, is by the agglutinin absorption test, and by 
this method the differentiation is slight for saturation of a  serum of either type 
with an antigen of the heterologous type will remove from 85 to 90 per cent of the 
1 Smith, T., f. Exp. Med., 1926, xliii, 207. 
Evans, A. C., J. Infect.  Dis., 1918, xxii, 580. 
3 Feusier, M. L., and Meyer, K. F., f. Infect. Dis., 1920, xxvii, 185. 
4 Evans, A. C., Pub. Health Rep., 1923, xxxviii,  1948." 
5 Evans, A. C., Abstr. Bact., 1925, ix, 23. 
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agglutinlns for the homologous antigen.  Furthermore she found that the strains 
from Mediterranean countries showed a serological grouping distinct from strains 
from northern countries. 
Zeller s obtained eight strains of B. melitensis from various institutes and com- 
pared them with strains of B. abortus which he had isolated himself.  Sera obtained 
by immunizing rabbits with B. abortus and B. melitensis agglutinated both groups 
of cultures alike.  He also found that after reciprocal absorptions of the seraby 
B. abortus and B. melitensis he could ascertain no differences  between the two kinds 
of bacteria. 
Skari~  ~ worked with four B. melitensis strains  and  eight B. abortus  cultures. 
Each type of serum agglutinated its own variety of culture to a higher titer than 
the other type and this was more marked with the abortus antiserum than with the 
melitensis antiserum.  In the agglutinin absorption experiments only the homol- 
ogous strain completely absorbed all agglutinins for all strains.  The chief differ- 
entiation  occurred  by  absorption  of  the  melitensis  antiserum  with  B.  abortus 
cultures which completely removed agglutinins for B. abortus but only partially 
absorbed agglutinins for B. melitensis. 
Khaled s made a comparative study of thirty strains of B. abortus and B. meli- 
tensis.  He found that his melitensis antiserum agglutinated both sets of cultures 
alike,  but  the  abortus  antiserum  agglutinated  the abortus  cultures  to a  slightly 
higher titer than the melitensis strains.  His absorption results showed a distinc- 
tion only when the abortus  antiserum was absorbed by B. mditensis.  This re- 
moved agglutinins for B. melitensis but not for B. abortus. 
Burnet 9 states  that a  melitensis antiserum  obtained  either from a  patient  or 
from a  goat or from treated  rabbits or guinea pigs agglutinated B. abortus and 
B. melitensis cultures alike or B. abortus to a slightly higher titer.  On the other 
hand,  B.  abortus  antisera  prepared  from  guinea  pigs  or rabbits  always  agglu- 
tinated B. abortus  to a higher titer than B. melitensis.  Thus he concluded that 
the abortus  strains in  general  were  composed  of a  more comprehensive antigen 
than B. melitensis.  He also states that whatever the differences  established by 
agglutination tests between B. meIitensis and/~, abortus,  it is certain that one will 
find also well marked differences  between  authentic  strains of B.meIitensis;and 
if all the attempts at grouping have any significance,  they only tend to establish 
relative distinctions between representatives of the same species. 
Futamural o studied twenty strains of B. abortus  isolated from cattle in Japan 
and  compared these  with  two  strains  of B.  melitensis and  one strain  of swine 
B. abortus from England.  His results showed that antisera prepared from each 
type of culture gave an identical  agglutination  titer  for each type of organism 
6 Zeller, H., Berl. tier~rztl. Woch., 1920, xxxvl, 345. 
Skari~,  J., Z. ttyg. u. Infectionskrankh., 1922, xcv, 358. 
s Khaled, Z., J.//yg., 1921, xx, 319. 
9 Burnet, Et., Arch. Inst. Pasteur Afrique Nord, 1923, iii, 48. 
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when living cultures were used, but if the antigen was heated at 60°C. or 100°C. 
for an hour the B. abortus antiserum agglutinated B. abortus cultures more power- 
fully than B. melitensis.  The results of absorption tests showed that the abortus 
and melitensis antisera contained 88 to 89 per cent of common agglutinins and 11 
to  12  per  cent  of  specific agglutinins.  The  common  aggludnogens  and  those 
specific for B. abortus were thermostable and the specific melitensis agglutinogens 
were thermolabile.  He found no  serological difference between the bovine and 
swine strains. 
Ficai  and  Alessandrini n  found  that  a  melitensis  antiserum  unheated  agglu- 
tinated both melitensis and abortus cultures, but if the serum was heated at 60°C. 
it  still agglutinated  the  melitensis  culture  but  failed to  agglutinate  the abortus 
culture.  On  the otheI hand,  an abortus antiserum unheated  agglutinated  both 
cultures,  but heated at 65°C. it still agglutinated B. abortus cultures  and failed 
to agglutinate  melitensis  cultures.  A  melitensis antiserum  heated  at  65°C.  did 
not agglutinate  either culture, while a B. abortus antiserum heated at this tem- 
perature  still  agglutinated  B.  abortus to  the  original  titer  and  heated  at  75°C. 
still gave a definite reaction. 
In publications comparing B. abortus of bovine and swine origin there is agree- 
ment  on  their  serological  identity.  Doyle  and  Spray  TM  stated  that  the  swine 
and  bovine strains were  alike  serologicaily.  Hayes  13 in  some studies  on  swine 
abortion mentioned that absorption tests with sera from rabbits immunized against 
three hog strains and against two bovine strains and  sera from guinea pigs igl- 
mtmized against one bovine strain and serum from a naturally infected cow showed 
no differences.  Cotton J4 studied six strains of B. abortus obtained from abortion 
disease of swine occurring in various regions.  All six of the swine strains were 
like the bovine strains serologically. 
EXPERIMI~NTAL  DATA. 
The  agglutination  and  agglut~n~n  absorption  experiments  to  be 
reported  here were made  with  six strains  designated  B.  abortus  1114, 
and  B.  abortus  1119  (of bovine  origin);  B.  melitensis II  (Blake),  and 
B.  melitensis  III  (Baltimore)  (from  human  cases);  and  B.  abortus 
Swine I, and B. abortus Swine II.  For further  data on these cultures 
the reader is referred  to  Smith's paper? 
Sera were prepared by immunizing rabbits with B. abortus 1119, B. melltensis II, 
B. melitensis ni, and B. abortus Swine I  Cultures all heated at 60°C.  for ~6 hour. 
n  Ficai, G., and Alessandrini, A., Ann. ig., 1925, xxxv, 1. 
as Doyle, L. P., and Spray, R. S., J. Infect. Dis.,  1920, xxvii, 165. 
13 Hayes, F., J. Am. Vet. Med. Assn., 1921-22, Ix, N.s. xiii, 435. 
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Complete series of agglutination and cross-agglutination tests were carried out 
and each serum was absorbed by all the cultures and then tested for agglutinins 
against each strain.  In general the method of Feusier and Meyer was followed 
in the  absorption procedure.  The serum was diluted 1/5  or 1/10 with physi- 
ological salt solution.  The culture was grown on agar and  suspended in salt 
solution.  Equal  volumes of  the  diluted  serum and  culture  suspension were 
mixed and incubated at 37°C. for 2 hours and then  refrigerated overnight.  The 
mixture was centrifuged  the next day and the dear serum tested with the absorb- 
'ing strain for complete absorption.  If agglutinins still remained for the absorb- 
ing strain, then more culture was added to complete  the absorption before testing 
the serum against the other strains. 
The  results  showed  that  each  serum  agglutinated all  the  strains 
equally, and  after absorption  according to  the  above  method each 
strain removed all agglutinins for the homologous strain as well as for 
the other strains.  The tabulated results of a  complete agglutination 
and absorption experiment with one serum will illustrate the reactions 
obtained in all cases. 
All the cultures absorbed all agglutinins leaving none for homolo- 
gous or heterologous strains.  This was the case with each lot of serum. 
These results indicate that these strains cannot be separated or dis- 
tinguished  by  agglutination  and  absorption  tests  carried  out  as 
described above.  13.  abortus  1114 and B.  abortus  1119 are, however, 
known to  be  bovine strains.  The fact that  the  two  swine strains, 
S.I  and  s.II,  acted  like  the  bovine  cultures  is  in  agreement with 
other workers who state that bovine and swine strains of B.  abortus 
are  alike  serologically.  Since  the  strains  B.  melitensis  II  and  B. 
melitensis  In  were  identical  in  their  serological  behavior  with  B. 
abortus  1119 and B. abortus  1114 they may be classed as the bovine 
type  serologically. 
In making experiments with heated sera according to the methods 
of  Ficai  and Alessandrini we  found that  the  B.  abortus  1119 anti- 
serum after having been heated at 65°C. for 1/6 hour still agglutinated 
all  the cultures to  the original titer.  Therefore, according to  Ficai 
and Alessandrini,  the  B.  melitensis  II  and B.  melitensis III  strains 
behaved  like  bovine  type  cultures  in  heated  abortus  antiserum. 
The heating experiments were made also with B.  melitensis n  and 
B.  melitensis  III  antisera.  Here  again  after  heating  at  60°C.  for 
1/6  hour  these  sera  still  agglutinated  both  the  B.  abortus  and  B. MARION  L. ORCUTT  229 
TABLE  I. 
B.  abortus  1119  (Bovine)  Antiserum. 
Agglutination titer with homologous strain (B. ab. 1119). 
Dilutions. 
Before absorption. 
~fter absorption by 
B. ab. 1119 ..... 
"  1114  ...... 
B. me[it. II. 
44  III. 
B. ab. S. I... 
"  "  II... 
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Agglutination  fiter  with  non-homologous  strains. 
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"  III  ....... 
B. ab. S. I ......... 
4,  "  II  ........ 
B. ab. 1119 ........ 
"  1114 ........ 
B. melit. II  ........ 
"  III  ....... 
B. ab. S. I ......... 
"  "  II  ........ 
B. ab. 1119 ........ 
"  1114 ........ 
B. me[it. II ........ 
"  III  ....... 
B. ab. S. I ......... 
B. ab. 1114 
B. me[it. II 
"  III 
B. ab. S. I 
,4  "  II 
B. ab.  1114 
4¢ 
~C 
B. melit. II 
cc 
c~ 
B. melit. III 
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C. 
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TABLE  I---Concluded. 
~fter absorption by 
B. ab. 1119 .... 
"  1114 ...... 
B. melit. II.. 
"  III... 
B. ab. S. I... 
"  "  II. 
B. ab. 1119 ......... 
"  1114. 
B. melit. II.. 
"  III. 
B. ab. S. I .... 
"  "  II. 
AIgglutlnated  by 
B. ab. S. I 
~c 
B. ab. S. II 
~t 
Dilutions. 
m 
m 
m 
m 
w 
_  N 
_  w 
m 
m 
m 
m 
m 
m 
melitensis cultures to the original titer, but in the lower dilutions of 
the heated B.  melitensis III antiserum a  zone of inhibition occurred 
for all cultures.  Since the B.  abortus  strains  (1114  and  1119)  were 
agglutinated to  the original  titer in  the heated B.  melitensis II and 
B. melitensis III antisera, then, according to  Ficai and Alessandrini, 
these sera behaved Ffl~e B.  abortus antisera.  In the previous test it 
was seen that  strains B.  melitensis  II  and  III  behaved like abortus 
cultures  in  the inactivated  abortus  antiserum.  Therefore, if  Ficai 
and Alessandrini's method of distinguishing B.  abortus and B.  meli- 
tensis agglutlnlns by heat is correct, these results are further evidence 
for  placing  strains  B.  meh'tensis  II  and  III  serologically with  the 
abortus type of organism.  Heating B. abortus Swine I antiserum gave 
results corresponding to  the bovine  type, but a  marked zone of in- 
hibition  for  all  cultures  occurred in  the lower dilutions.  Since  no 
differences occurred at the temperatures of 60°C.  and 65°C.,  found 
critical by Ficai and Alessandrini, a  higher temperature of 75°C. was 
tried.  B.  abortus  1119,  B.  melitensis  II  and  III,  and  B.  abortus 
Swine I  anfisera heated at 75°C. for ~/~ hour gave  no  agglutination 
with any of the six  cultures.  Thus in  all experiments with heated 
sera  all  the  strains  behaved alike. ~ARION  L. ORCUTT  231 
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Futamura used heated antigens and claimed a difference in reaction 
in  the  abortus  antiserum.  He  also  stated  that  specific melitensis 
antigen was heat-labile and specific abortus antigen and the common 
antigen were heat-stable.  This would mean that a melitensis culture 
after having been heated would give a lower agglutination titer, and 
if such a  culture was combined with a heated melitensis  serum which 
contained only specific melitensis  agglutinins (Ficai and Alessandrini), 
then the titer would be negative.  With these points in mind some 
experiments were made with heated and unheated cultures in heated 
and unheated sera.  The results with two strains are given in Table II. 
The results showed  that  the  agglutinins  and  agglutinogens of all 
the cultures were heat-stable at  the given temperatures.  There was 
no evidence of a  heat-labile specific melitensis  antigen in the strains 
B.  melitensis  II and B.  melitensis  III. 
CONCLUSIONS. 
The conclusions to be drawn from this study are that while there 
appears to be evidence of serological distinctions between B. abortus 
and B. melitensis  cultures as studied by earlier workers, the  experi- 
ments reported in this paper show no serological distinctions among 
the six strains used in the study.  B.  melitensis  II and B. melitensis 
III were found to be identical with the bovine and swine strains by 
means  of  agglutination  and  agglutinin  absorption  reactions  in  un- 
heated  sera,  by  agglutination  in  heated  sera,  and  with  the  use  of 
heated cultures in  unheated and heated sera. 